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THE SITE OF DEPOSITION AND RATE OF CLEARANCE OF SALINE
AFTER SUBCUTANEOUS INJECTION INTO THE MOUSE TAIL*
R. I. C. SPEARMAN, B.Sc., Pu.D. AND M. GARRETTS, M.B., B.S., M.R.C.P.
It was reported in a previous paper that re-
peated injections of isotonic saline into tail
dermis of mice produced marked changes in
epidermal growth and keratinization (1). In
this investigation the site of saline deposition
was examined indirectly by the injection of
Indian ink in the skin and the duration that
the saline remained in the skin was determined
by labelled sodium clearance.
The clearance rate of 24 Na from the skin
after intradermal injection in the form of so-
dium chloride is dependent on the local blood
circulation and is a measure of the volume of
plasma flowing through the capillaries in unit
time per unit volume of extracellular fluid in
the tissue under test (2, 3, 4). Jarrett and Gar-
retts (5) used the 24 Na clearance rate to com-
pare the skin circulation times in different nor-
mal and abnormal human subjects, and the
same technic was used to determine the rate
of removal of injected saline from the mouse
tail skin.
MATERIAL AND METHODS
indian ink injections: In order to determine the
site of deposition of saline after injection, four
mice were killed and immediately injected with
0.2 ml of Indian ink beneath the tail epidermis in
the same manner as in the saline experiments
previously described (1). The segment of injected
tail was then fixed in formahu and decalcifiecl (6).
Transverse sections of the tail were cut at 7 s
and stained with hematoxylin and eosin; the
distribution of the carbon particles could be read-
ily detected ou microscopic examination.
Labelled sodium: Male mice, approximately
30 g in weight, were anesthetized with intraperi-
toneal injections of Nembutal (1.2 mg per 30 g
body weight). The tail was gently held in a
grooved block of paraffin wax and covered with a
glass slide: great care was taken not to cause vaso-
constriction. The isotope labelled sodium chloride
was diluted with non-radioactive saline so that
the injected volume contained approximately 0.5—
1.0 microcuries of 24 Na.
Owing to the small size of the animal, when all
the isotope had entered the circulation some radia-
tion from the body of the mouse was still recorded
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because the Geiger counter had to be centered
nearby, over the tail. In order to minimize this
residual radiation from the body, the labelled
saline was injected into the skin only 1 cm from
the tip of the tail. The tail was dipped into water
at 37° C. and gently swabbed immediately after
the injection, to remove any possible contamina-
tion of the skin surface. The Geiger counter was
then centered over the site of injection in contact
with the glass slide.
The counts were recorded by a "Panax" rateme-
ter, and readings obtained on paper using an
automatic pen writing recorder. The reductions in
the readings followed an exponential curve, and
when plotted logarithmically against time at
quarter minute intervals gave a straight line. The
slope of this line was measured and expressed as
the time in minutes for the initial recorded value
to fall to half (T½). When most of the 24 Na
had been taken up into the mouse circulation
some radiation was recorded above that of the
general background radiation. This was due to the
nearness of the body of the mouse containing the
circulating isotope, as well as to background radia-
tion, recorded by the Geiger counter (4, 5) and
the base line was taken as the point when the
traced line flattened out and coincided with this
residual radiation (Fig. 1).
Sodium clearance experiments: Three series of
experiments were performed to determine the
rate of clearance of saline injected into the tail
skin of mice. In the first series of 10 mice the
clearance rate from the injection site of 0.02 ml
of 0.9% labelled saline injected superficially into
the dermis was examined. In the second series of
5 mice the local clearance of labelled saline after
a rather deeper intrafascial injection of 0.9% saline
was observed.
In the third series of 9 mice an additional 0.2
ml of unlabelled 0.9% saline was injected 2 cm
from the base of the tail to blanch the skin at the
site where the histological changes were produced
by saline after injection. The labelled 0.9% saline
injected superficially near the tail tip could not
enter the circulation until the pressure in the
unlabelled bleb nearer the body of the mouse had
fallen sufficiently to reopen the blood vessels
draining the tail. The rate of removal of un-
labelled saline in this third experiment was there-
fore shown indirectly.
ODSERVATIONS
Site of Deposition of Indian Ink Particles
in the Skin
In the first two mice the injection was de-
liberately superficial and the Indian ink spread
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easily, blackening the skin for approximately 2
em. In the second two mice the injection was
deeper and failed to produce much discolora-
tion of the skin. Even after the apparently
quite superficial injection the carbon particles
were concentrated in the deep dermis and in
the loose connective tissue of the hypodermis.
This suggests that the saline is also deposited
quite deeply in the skin. After the deeper in-
jection the carbon particles were found in the
hypodermis and in the fascial coat of the under-
lying tissues.
The Rates of Clearance of Labelled Sodium
(T½ in Minutes)
In the first series after a single superficial
injection of labelled saline the T'/ was 9.7
S.D. 3.7.
In the second series after a deeper saline in-
jection the T'/ was 24.7 S.D. 3.7. This was
significantly longer than after superficial injec-
tion.
In the third series injected with both labelled
and unlabelled saline the clearance of Na 24 was
T'/ = 19.5 S.D. 8.2. This showed that al-
though the unlabelled saline block produced
sufficient pressure to shut down the local blood
vessels the occlusion was quite temporary.
DISCUSSION
Although the injection of saline into the der-
mis has been found to be a powerful stimulus
to epidermal growth and keratinization it is
rapidly removed as shown by the sodium clear-
ance. This is in agreement with our previous
finding that after saline injection, the skin
which was initially blanched rapidly returned
to its normal color (1).
When 24 Na labelled saline alone was in-
jected, half the isotope escaped into the circula-
tion in about ten minutes. In this situation the
forces concerned in removal of the saline are
mainly the osmotic pressure of the plasma pro-
teins and the hydrostatic pressure in the tissue
space at the venous end of the capillaries. Un-
der these conditions the removal of 24 Na is
directly related to the removal of water of solu-
tion (2,3,4,5).
An interesting finding from the injection of
Indian ink was that a good bleb was only pro-
duced by injection into the hypodermal-dermal
junction. We were quite unable to inject ink
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Fxo. 1. Clearance of radio-sodium 24 Na after superficial injection into the mouse tail
showing calculation of the T½ value. Isotonic saline.
12 14
RATE OF CLEARANCE OF SALINE 253
into the dense superficial dermis, and this was
probably also true of the injected saline. Very
deep intrafascial injections failed to produce a
bleb. The slower clearance after such injections
was probably due to the paucity of blood ves-
sels in the deep fascia.
sulYnwAnY
1. Carbon particles of Indian ink injected
apparently superficially into the tail skin in the
same manner as injected saline were found on
histological examination to be deposited in the
deep dermis, and it was not possible to inject
into the dense superficial dermis. This indicates
that the saline inejcted into the tail skin was
also deposited quite deep in the dermis.
2. Experiments with 24 Na isotope labelled
saline showed that removal of sodium was
rapid, and this was related to the fluid removal.
It was indirectly shown that reduction of fluid
pressure in a saline blcb was also rapid.
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